INTRODUCTION
suggeSted that counts of corpora albicantia (remnants of regressed corpora lutea) might be helpful in determining the number of eggs ovulated by reptiles following a breeding season. References to these ovarian structures have appeared infrequently in the literature (Ballinger, et a!., 1972; Cagle, 1953; Ernst, 1971; Goldberg, 1970 Goldberg, , 1973 Telford, 1969) . Telford (1969) determined that counts of corpora albicantia constitute a useful alternative method for estimating the reproductive potential and population structure in the Japanese lacertid lizard, Takydromus tachydromoides. Follicular atresia, the degeneration of immature and' yolked ovarian follicles in reptiles, has received considerable attention in the literature (see review by Betz, 1963) . Crews and Licht (1974) demonstrated that corpora atretica suppress ovarian sensitivity to hormonal as well as environmental stimulation in the lizard, Anolis carolinensis. Since 1963, accounts of atretic follicles in lizards include the following species: Agama agama (Eyeson, 1971) , A. tuberculata (Koul and Duda, 1977) , Anolis carolinensis (Crews and Licht, 1974; Gerrard, et ai., 1973) . A. pulchel/us (Ortiz and Morales, 1974) , Calotes versicolor (Varma, 1970; Varma and Guraya, 1975) , Cnemidophorus inornatus and C. neomexicanus (Christiansen, 1971) , C. sexlineatus (Hoddenbach, 1966) . C. tigris (Burkholder, 1969) . Cophosaurus texanus (Ballinger, et ai., 1972) , Crotaphytus col/aris (Ferguson, 1976) , Hemidactylus flaviviridis (Varma and Guraya, 1975) , Phrynosoma cornutum (Ballinger, 1974) , Sceloporus graciosus (Goldberg, 1975; Ruth, 1977) , S. jarrovi (Goldberg, 1970 (Goldberg, , 1971 , S. malachiticus (Marion and Sexton, 1971) , S. occidentalis (Goldberg, 1973; Ruth. 1977) , ScincelJa himalayanum (Duda and Koul, 1977; Kolll and Duda, 1977) , Takydromus tachydromoides (Telford, 1969) . Uta stansburiana (Ferguson, 1966; Nussbaum and 'Diller, 1976; Tinkle, 1967) , and Xantusia riversiana (Goldberg and Bezy, 1974 ). The present study was undertaken to describe the ovarian cycle of the eastern collared lizard, Crotaphytus col/aris col/aris (Say), from Arkansas. USA. and to elucidate the nature of atrophic ovarian structures and their influence in estimating reproductive potential.
MATERIALS AND METHODS
A total of 120 adult female collared lizards was collected by sampling weekly during the 1971-1972 activity seasons. The animals were noosed or taken by hand from cedar glades or abandoned rock quarries along the Wl1ite River drainage from Izard County northward in Arkansas. Elevation ranged from 112 to 355 m. The I izards were killed by injecting sodium pentobarbital and fixed in 10% formalin. Standard histological techniques were used to prepare 78 right ovaries for light microscopy. Ovaries were embedded in paraffin, sectioned into 10 pm serial ribbons, and stained with Harris' hematoxylin and eosin. Several left ovaries were also sectioned. Ovaries with yolking fOllicles were not sectioned. In addition, counts and measurements of lengths of immature ovarian follicles «3 mm), yolked ovarian follicles (3-13 mm), oviducal eggs, and corpora lutea were made from the left ovaries of 96 individuals.
All measurements were performed with the use of a vernier caliper or ocular micrometer to the nearest 0.1 units. Prepared slides and specimens are currently in the possession of the author.
RESULTS AND DISCUSSIONI
Ovarian Cycle.-The reproductive cycle of Crotaphytus col/ads females in Arkansas conforms to the criteria proposed by Tinkle, et a!. (1970) in that th is species matures early and has large, multiple-brooded clutches. The ovarian cycle is similar to the Cal/isaurus-Holbrookia complex described by Pianka and Parker (1972) in these ways: (1) age at fi rst breeding is one year or less; (2) clutches are large and multiple; (3) average clutch size is 6.4, ranging from 3 to 11 (clutch size in Cal/isaurus and Holbrookia is ca. 5.2, range 2-12) and (4) reproduction peaks in late spring and/or summer. Female collared lizards reach sexual maturity in 4-5 months, excluding hibernation (Fitch, 1956 ) and possess yolked ovarian follicles at a snout-vent length (SVL) of 78 mm. Ferguson (1976) clarified the reproductive cycle of breeding females by dividing the cycle into eight stages based on postnuptial coloration, fat body weight, and ovarian condition. In Arkansas, vitellogenesis begins in the follicles of C. col/aris one to two weeks after emergence from hiberation in early spring and continues for approximately one month until ovulation in Mayor June. Oviposition occurs one to two weeks after ovulation. Egg incubation requires about 72 days, and hatchlings appear from mid-July through September.
Immature ovarian follicles number from 13-24 per ovary in adult females from early April and are translucent to creamy white. Enlarging follicles (>3 mm in diameter) become yellowish-orange as yolking begins. One to six follicles pet ovary rapidly increase in size until ovulation at 12-13 mm in diameter. Older females usually possess yolked follicles before first-year animals, and females that develop a second clutch begin follicular enlargement immediately following ovulation of the first clutch. The monthly distri bution and size of ovarian follicles are shown in Table 1 . 1972, ovigerous females (N= 11; 17) were collected from 15 May until 28 June and 11 May until 30 June, respectively. Oviducal eggs varied from 15.1 to 20.5 mm in length and from 8.6 to 12.4 mm in width. Right oviducts contained a total of 89 eggs, and left oviducts, 79 eggs (difference not significant at 5% level).
Contralateral ovum displacement may be inferred when the number of oviducal eggs differs from the number of corpora lutea in the corresponding ovary (Cuellar, 1970) . In the 28 gravid females autopsied in which counts of oviducal eggs and corpora lutea were made, ova had been discharged into the contralateral oviduct in 8 ahimals (28%). The transfer of only one ovum was recorded. In 5 females the ovum moved from the left ovary to right oviduct, and in 3, the movement was from right to left. Hipp (1977) found that the oviducts of 19% of the gravid collared lizard females he examined contained displaced ova.
Postovulatory follicles, or corpora lutea, are found in ovaries from mid-May until early August. Regression of corpora lutea is shown in Figure 1 . The recently ruptured follicle measures about 6 mm in diameter and appears as a bright red oval structure with a wh ite matrix (luteal cells) plugging the cicatr'ix. The rapid sh rinkage of the corpus luteum is probably due to a decrease in vascularization of the theca. A gradual decrease in size from 4 mm to around 1 mm occurs from the second to the fifth week following OVUlation. During this time the corpus luteum appears yellowish-orange in color and elliptical in shape.
A predominant intraspecific feature of reproductive cycl ing in many North American lizards is seen in the seasonal and geographic variation in clutch size and frequency (Gold berg, 1973 (Gold berg, , 1975 McCoy and Hoddenbach, 1966; Tinkle, 1969; Tinkle and Ballinger, 1972; V itt, 1977) . Fitch (1956) observed a female C. col/aris in northeastern Kansas that laid two clutches in one season, but Ferguson (1976) noted the unHklihood of this occurring in northcentral Kansas. The production of multiple (second) clutches was determined in the present study by the following criteria: (1) concurrent yolked ovarian follicles and oviducal eggs, (2) concurrent yolked ovarian follicles and corpora lutea, and (3) two dis tinct sets of corpora lutea. Counts of yolked ovarian follicles and oviducal eggs, and those of yolked ovarian follicles and corpora lutea were determined macroscopically, while his tological examination aided in counting sets of corpora lutea (Table 2 ), In Texas, Hipp (1977) observed two peak periods of vitello~ (Fitch, 1956; Trauth, 1974 Corpora Albieantia.-Corpora lutea do not completely degenerate in C. collaris ovaries, but remain as minute ("" 0.3 mm).
darkly pigmented structures called corpora albicantia ( Fig. 2A) . As stated earlier, corpora albicantia are uncommon in reptiles. None were identified in Cophosaurus texanus (Ballinger, et aI., 1972) . Similarly, Goldberg (1973) found complete degeneration in Seeloporus oeeidentalis. Ernst (1971) was able to count corpora albicantia in the turtle, Chrysemys pieta, but noted their disappear ance when a new clutch of eggs was ovulated.
Other than these in Crotaphytus eollaris, I
have been able to identify corpora albicantia only in the glass lizards, Ophisaurus attenuatus and O. ventralis (Trauth, unpublished data) .
As a rule, the presence of pigmented cells surrounded by a dense layer of connective tissue was used to distinguish a corpus albicans from a regressed corpus luteum in collared lizard ovaries. These cells may be macrophages since they contain phagocytized particulate maUer. However, this criterium was useful only after the corpus luteum had regressed to at least 0.3 mm in diameter, at wh ich time they were referred to as corpora albicantia. Eventually the outer later of con nective tissue disappears leaving only a cir cular, blackish-orange mass of cells (Fig. 3) .
Corpora albicantia resemble the solid, darkly pigmented and densely packed masses of cells that are found inside degenerate atretic follicles. The significance of this similarity will be discussed later.
Follicular Atresia.-Two types of follicular atresia were identified in C. eollaris.
One involved the degeneration of immature follicles, and the other involved degeneration of yolked ovarian follicles or accessory follicles (Hoddenbach, 1966) which failed to ovulate. Atresia of immature follicles occurs throughout the activity season and evidently during hibernation, since ovaries of females in early spring possess atretic follicles in various stages of regression. Atretic accessory follicles (aaf) appear during the period of yolk deposition from April through June. The morphology of both types is different in respect to size, per sistence of a central yolk mass (nucleoplasm?). and the degree to which the follicular granulosa cells participate in resorption of the ooplasm. The descriptive morphology and staging of atretic follicles are summarized in Table 3 .
Although degeneration of immature follicles can best be seen by microscopic examination, macroscopically, they possess a white central yolk mass surrounded by a clear translucent border. They rarely exceed a dia meter of 2.0 mm and are most numerous during July. Older females (> 93 mm SVL) tend to possess more atretic foil icles than younger fe males, with as many as 28 observed in various stages in a single ovary. The time for complete resorption is uncertain, since those that possess pigmented masses of cells (Fig. 3A·C ) may per sist for life in an animal. Atresia of this type has recently been described in See/o{Jorus jarrovi and S. oeeidenta/is (Goldberg, 1970 (Goldberg, , 1973 and in Agama agama (Eyeson, 1971) . Initial de generation (Stage 1) of the oocyte involves the disappearance of the zona pellucida, hyper· trophy of the theca, and the detachment of the follicular granulosa. The ooplasm becomes acid ophilic, vacuolated and somewhat disorganized. The granulosa cells are seen invading and phago cytosing the yolk (Fig. 4A) .
As regression proceeds the size of the follicle is greatly reduced, ranging from about 0.3-0.9 mm. Stage 2 atretic immature follicles (aif) are most evident during July and reflect the cessation of breeding activity. This stage (2) is characterized by a thin and irregular theca. A central yolk mass is persistent and may contain phagocytic leucocytes. Fibro blasts and connective tissue may fill the cavi,ty of the follicle vacated by the absorbed ooplasm. Unlike corpora atretica previously discussed in herpetological literature, a central yolk mass persists in practically all atretic immature follicles of Crotaphytus col/aris (Stage 3; Fig.   3E ). These tiny structures (0.1-0.3 mm in diameter) a~e prevalent from May through September. In tHis last stage of atresia the entire follicle or a large portion of it may possess a sol id mass of pigmented cells (Fig. 3Al . Because of their pigmentation, variable location and volume of yolk, these structures may be confused macro scopically with corpora albicantia. Microscopic examination as seen in Fig. 3 allows these structures to be clearly differentiated.
With the failure to complete vitello genesis and enlarge, accessory follicles become atretic after the ovulation of mature ova. Macroscopicailly, the follicles appear bright orange and vary in size from 3-5 mm during the April-June yolk deposition period. Seldom are there more than two of these follicles per ovary. Follicular atresia of this type has been described in other reptiles by Altland (1951) , Betz (1963) . Boyd (1940) . Bragdon (1952) . Crews and Licht (1974) . and Goldberg (1970; .
An early regressi ng atretic accessory follicle (Stage 1') is characterized by a highly flocculent and vacuolated ooplasm (Fig. 5B) . The theca is hyperemic and greatly hypertro phied. The entire yolk mass exhibits an invasion of phagocytic leucocytes.
The atretic accessory follicle (Stage 2') exhibits a peculiar festooned layer of giant vaSCUlarized theca. One animal ( Fig. 2A, B) for abbreviations.
possessed follicles in both ovaries undergoing Stage 2' atresia_ Little free yolk remains in the follicle after this stage.
Following the absorption of the yolk, Stage 3' aaf usually appear as saclike structures distorted in shape with only a very thin theca (Fig. 2C) . However, as seen in Stage 3 aif, a solid pigmented mass of cells may persist, being localized at some point in the degenerated thecal sac. This mass may be the result of the inability of phagocytic cells to digest the nucleoplasm of these follicles. As the thecal sac becomes reduced, the pigmented mass remains and resembles a corpus luteum. These structures could be confused macroscopically with regressed corpora lutea or even corpora albicantia; however, they are identifiable by their vacuolated nature, greater size and bright orange pigment.
Atresia of accessory follicles apparently plays a major role in maintaining female sexual refractiveness to ovarian stimulation in the Iizard, Anolis carolinensis (Crews and Licht, 1974) ; the precise mechanism is currently under review (Cuellar and Cuellar, 1977) . Tinkle (1961) found that less than 10% of female Uta stansburiana possess atretic follicles and that possibly 8-10% of enlarged follicles undergo atresia. He attributed the difference between clutch estimates using enlarged follicles and eggs or corpora lutea to atresia. In Xantusia vigilis, Miller (1948) The striking similarity between regressed atretic immature follicles containing pigmented cells (Fig. 3C ) and corpora albicantia (Fig. 3D ) may restrict the use of corpora albicantia counts as a standard index for estimating reproductive potential. Upon histological examination, the differences between these structures become apparent in as much as the former usually possess yolk masses of variable size and location. Macroscopically, they appear almost identical in size, color, and morphology. It is also evident upon macroscopic observation that a regressed atretic accessory follicle and a regressed corpus luteum look much alike. Here again, histological examination reveals that the two structures are quite different. Telford (1969) used color change as well as size to distinguish corpora lutea from corpora albicafltia. These criteria do not mid-July (Goldberg, 1973) . Ruth (1977) re corded atretic follicles in 39% of repro ductively active Sceloporus graciosus and similarly found an increased incidence follow ing cessation of the reproductive period in July. He observed that 9.4% of yolking ova became atretic. Atretic accessory follicles were found in 45% of all Crotaphytus col/aris ovaries possessing yolked follicles in the present study. lihe mean clutch size based upon yolked ovarian follicles was 7.2 as opposed to 5.8 based upon oviducal eggs. Th is difference was considered to be the result of atresia of accessory foil icles.
Reproductive Potential. -Ballinger and Sch rank (1972) referred to reproductive potential as the total number of eggs pro duced by a female during a single reproductive season. Clutch size may be determined by counting either the number of yolked ovarian follicles, oviducal eggs, or corpora lutea (Tinkle, 1961) . Telford (1969) recommended the use of corpora al bican tia as an indicator of clutch size. For determining the potential in C. col/aris, all of the above criteria were used (Table 4 ). The estimated mean clutch size was 6.4 based upon these counts. Since corpora lutea become corpora albicantia which probably persist throughout the life of the lizard, these structures may be used as ,m estimate of the total number of eggs produced and ovulated by an ovary. However, because of the ability of collared lizards to produce as many as two clutches per season, this method could not be applied to the esti mation of clutch size in old animals. Clutch size esti mates vary geographically in C. col/aris and have been recorded in Arkansas, 6.4 (this study); Kansas, 5.8 (Fitch, 1970) ; New Mex ico, 5.3 (Parker, 1973) , and Texas, 7.2 (Hipp, 1977) . There is also a strong correla tion (r = 0.64, df = 75; P < .05) between clutch size and SVL ( in more species and provide additional in o formation about these atretic structures.
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